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References  e-a  describe  a  new  method  of  asymptotic 
integration  of  linear  hyperbolic  partial  differential  equa¬ 
tions  and  show  the  application  of  this  method  for  finding 
asymptotic  solutions  of  acoustic  and  Maxwellian  equations. 
In  references  Q-gf  the  indicated  method  is  developed  as 
it  applies  to  the  solution  of  dynamic  problems  of  the  theo¬ 
ry  of  elasticity, 

Por  the  case  of  linear  hyperbolic  partial  differen¬ 
tial  equations  (wave  equations,  for  instance),  the  general 
principle^  of  this  method  is  that  we  attempt  to  satisfy  ap¬ 
proximately  the  initial  conditions  by  special  selection  of 
the  functions,  i*  e, ,  we  seek  a  solution  of  the  fora 

a  (*,  |f»  z,  t)  «  A  (*,  y,  z)exp{mii  y,  j  (1 ) 

given  the  condition  that  •-♦oo.]  ' 

As  a  result  we  obtain  the  known  relationships s . 

+  f 

J  (2) 

l 

2  (grad  A  grad  -f-  A  A#  *»  0# 

where  ♦  (*.  jf.  *)jis  the  wave  Eikonal,  and  A(x,  y,  a)j  is  the 
oscillation  amplitude, 

Cki  the  other  hand,  it  is  well  known  that  the  equa- 
ion  for  the  jump  in  the  discontinuous  solutions  of  wave 
quations  coincides  with  Eq,  (3),  In  other  words,  the 
approximate  solution  (1)  coincides  at  the  wave  front  (when 
)  with  a  discontinuous  solution  which  may  exist  for  i 


la  rigorous  solution  of  the  initial  equation.  "~i 

fhus,  we  can  establish  the  identity  between  the  dis¬ 
continuity  of  the  nonsteady  wave  front  and  the  amplitude  of  . 
the  ” geometric  approximation”  that  corresponds  to  the  tra¬ 
jectories  of  rays  orthogonal  to  these  wave  fronts. 

fhe  simplicity  of  the  physical  interpretation  of  the 
asymptotic  method  for  the  case  of  linear  equations  unfortu¬ 
nately  is  not  retained  in  quasilinear  and  nonlinear  equa¬ 
tions,  Formally,  however,  this  method  can  be  used  even  here 
•I to  solve  a  number  of  problems. 

In  this  paper  the  authors  apply  the  approximate  me¬ 
thod.  to  the  problem  of  integrating  equations  of  plasma  os¬ 
cillations,  We  investigate  the  problem  of  the  motion  of  a 
gas  in  a  medium  of  finite  conductivity  a.  Let  us  consider 

that  the  medium  conforms  to  the  equation  of  state  _  .  — -j-  ; 

P~pe  y< 

In  tMs  case,  if  it  is  considered  that  vJ,H,  where  v~(«,  0,  0) 
and  H  — -  (0,  H,  0)  and  the  displacement  current  is  neglected, 
the  system  of  magnetogasdynamic  equations  in  the  one-dimen¬ 
sional  case  will  be  obtained  in  the  form  OJ 
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Here  x  «=  c*  / 4«<»  is  the  magnetic  viscosity,  c  •  is  the  con¬ 
ductivity,  %  —  Cp!cv  is  the  heat  capacity  ratio?  P  is 
the  pressure,  p  is  the  density,  u  is  the  gas  velocity,  c 
is  the  speed  of  light,  S  is  the  entropy,  and  H  is  the 
magnetic  field  strength, 

She  first  equation  in  System  (4)  is  the  continuity 
equation,  the  second  is  the  equation  of  motion,  the  third 
is  the  energy  equation,  and  the  last  one  is  the  Maxwell 
equation  with  Ghm*s  law  taken  into  account. 

Thus  the  problem  is  to  find  the  unknowns  P*  P*  ** 
and  #  in  a  fairly  general  form,  1.  e.,  such  that  they  con¬ 
tain  arbitrary  functions  which  can  then  be  determined  from 
the  initial  end  boundary  conditions. 

Since  the  energy  equation  is  not  exact  (heat  con¬ 
duction  and  radiation  are  not  taken  into  account)  and  the 
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'exact  equation  is  too  complex  when  seeking  P,  p,  H 

and  «  it  is  advisable  to  use  only  three  equations  from 
System  (4),  giving  u  in  a  definite  form  with  an  accuracy 
determined  by  the  arbitrary  function  and  constant. 


let  us  go  on  to  the  solution  of 


stated  problem 


Introducing  the  pseudoscalar  potential  f-  by  means  of  th 
relationship  H  -  dffdx,  we  can  write  the  last  equation  i 
System  (4)  in  the  form 

it  4.  x~t  (5) 

di  *  u  dx  ~  dx%  ‘ 

let  us  find  the  solution  to  Eq,  (5)  by  assuming 

f~*A{x,  y,  z,  t) &<*!(**. z,n.  {6} 

Substituting  (6)  in  (5)  and  separating  the  real  and 
imaginary  parts,  we  find  that 

i  m 

T  +  “I -*[»+2^lni,]-i  (8) 

When  i  ,  it  can  be  shown  that 

«> 

here  Bq*  (7)  assures  the  form 


(in  A)  -f  «  ™  (In  A)  +  m*  =  0 


(10) 


Brom  now  on  we  will  deal  with  the  class  of  solutions  (6) 
which  is  subject  to  an  additional  condition?  1,  esf  we 
will  assume  that 


<*>  V r*  sx  “  B  »»  const , 


(11) 


(The  more  general  case  B  =  B it)*  could  also  be  considered? 
here  the  solution  of  Eq*  (8)  will  not  become  more  complioa- 
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'•feed  in  principle.) 

lei;  us  assume  =  ,  and  in  so  doing  let  us  se¬ 

lect  the  order  of  w  in  such  a  way  that  the  order  of  * 
corresponds  to  the  order  of  the  remaining  terras  in  the 
equation*  By  means  of  (11)  we  obtain 

f~f*  +  r(0.  (12) 

1 

Substituting  (11)  into  (8)  and  talcing  (12)  into 
account,  we  have 

w  A  —  jfT<  (13) 


Excluding  «,  from  (10)  and  (13 )»  we  arrive  at  the 
equation 

f  T-Jr  ln  *  —  »•  I"  *  -  8‘  -  2*  (£  ^  A)' . 

Differentiating  with  respect  to  x  and  designating 
8  «  (In  A)’x,  ,we  obtain 

£+[M-|f]£-0.  (14! 

She  solution  of  this  equation  has  the  form 


+  f  (6),  (15) 

where  F  (8)  is  an  arbitrary  function. 

Thus  for  the  calculation  of  6  and  u  we  have 
two  arbitrary  functions  T (i)  and  F( 8)  ,  and  one  arbi¬ 
trary  constant  B.  let  us  consider  the  case  in  which 

F  (8)  *»  ,  where  $  —  const  <  0.  Here  we  arrive  at  a  linear 

function  fo r  «<*.<).  Indeed  from  (15)  we  have 

x  —  (4x£  -f  £)  6  —  T . 

Substituting  0  from  (16)  in  (13),  we  obtain 
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(IS) 


-,J-„ 


11X& 


-f*  & 


(17) 


Moreover,  taking  (IS)  into  account,  we  have 


.4  (t)  exp 


x*  s  „ 
2  +  . 

4kT  ? 


(18) 


Consequently,  our  solution  of  Eq*  (3)  will  assrra 


tne  form 


xT  a  _ 

~o~  t  Jcf 


*  -  ^(o«xp  [As?rr~J00S“('«“*+ r)\  as) 

We  obtain  from  this  for  the  magnetic  field  strength 


x  *+-  "g-  xT 


w==^  W  |  liFTF"  <**  «  (t*  +  /*)  - 

„^M(i,  +  r)}rap[TiXfJ. 


(20) 


finis  one  of  the  unknowns  in  System  (4)  has  been 

found*  .  ,  . 

The  arbitrary  function  T (t)  can  be  determined  by 
introducing  some  condition  for  w,  j  for  example ,  we  can 
assume  that  at  x***©  M ^  (at  the  wall),  or  in  a  more 
general  case  we  can  assume  t hat # the  wall  moves  according 
to  the  law  xs^<j>(i)t  fhen  ufs*x**fy(ih  obtain  from  Eq* 

(17) 


2*r _ js 

4x/  4-  $  « 


r  4k/  +  gj 


(21) 


/4k/  +7 {const 4  i  $  [4J0  "  *]  f^STF*  1 


(22) 


r  «o. 


fhe  constant  may  be  determined  by  assuming  that 
at  t  «=»  0  . 


If  the  value  f  from  (21)  is  substituted  in  (17)* 
the  last  expression  talas s  the  form 


U  «* 


:3) 


further,  we  find  the  density  P  from  the  first  e- 
-jquation  in  System  (4).  Since,  taking  (23)  into  account 
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+  ot  (3n  f)  + 


+  (In  p)  mm  0 


then 


p  “  p4>(z),  (24) 

where  •  $(*)  is  the  arbitrary  function,  and 

*«— * — +  /1_f'  (25) 

1^4k/  +  P  ^  J  L4k/  +  3  K4x/+| 

After  this,  we  find  the  pressure  P  from  the  second 
equation  in  System  (4) 

P  +  ~^P9(t)~  ^p(ut  +  uujdx,  (26) 


where  P*{ t)  is  the  arbitrary  time  function* 

The  arbitrary  functions  <&>(*)  and  P9(t)  should 
be  determined  from  the  boundary  conditions  —  by  assuming 
(in  the  case  of  motion  with  a  shock  wave,  for  example) 
that  the  known  relationships  between  p  —  pju)  and 
p*e=P{u)  are  satisfied  at  the  shock-wave  front. 

Solution  of  the  problem  in  the  concrete  form  $  =  4>  (0 
does  not  present  any  difficulty, 

Thus,  by  means  of  Relationships  (20),  (23),  (24) 
and  (26)  we  determine  all  the  quantities  comprising  Sys¬ 
tem  (4)» 

In  conclusion  we  should  point  out  that  in  integrat¬ 
ing  Sq.  (7)  we  have  neglected  the  term  as  small 


*  \ 

compared  with  ('gyj 


B* 


It  is  not  hard  to  see  that 


*  1  &A  __  * 

Is  A  dx*  “  ¥ 


f  ,  «  „  \* 

*±  Tfr  ) 

K  Avl  +  p  / 


4*/  4-  8 


i*  e.,  our  assumption  is  borne  out 
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